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Abstract.—The Galápagos archipelago is characterized by a high degree of endemism 25 
across many taxa, linked to the archipelago’s oceanic origin and distance from other 26 
colonizing land masses. A population of ~ 500 American Flamingos (Phoenicopterus ruber) 27 
resides in Galápagos, which is thought to share an historical origin with the American 28 
Flamingo currently found in the Caribbean region. Genetic and phenotypic parameters in 29 
American Flamingos from Galápagos and from the Caribbean were investigated. 30 
Microsatellite and mitochondrial DNA markers data showed that the American Flamingo 31 
population in Galápagos differs genetically from that in the Caribbean. American Flamingos 32 
in Galápagos form a clade which differs by a single common nucleotide substitution from 33 
American Flamingos in the Caribbean. The genetic differentiation is also evident from nuclear 34 
DNA in that microsatellite data reveal a number of private alleles for the American Flamingo 35 
in Galápagos. Analysis of skeletal measurements showed that American Flamingos in 36 
Galápagos are smaller than those in the Caribbean primarily due to shorter tarsus length, and 37 
differences in body shape sexual dimorphism. American Flamingo eggs from Galápagos have 38 
smaller linear dimensions and volumes than those from the Caribbean. The findings are 39 
consistent with reproductive isolation of the American Flamingo population in Galápagos.  40 
Key words.—American Flamingo, Caribbean, Galápagos, genetic and morphological 41 
divergence,  42 
 43 
Running Head. DIVERGENCE IN GALÁPAGOS FLAMINGOS  44 
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Oceanic islands like the Galápagos archipelago have been central to our understanding 47 
of divergence and speciation. The high degree of endemism following colonisation by 48 
ancestral species presupposes at least a degree of isolation of the colonists from source 49 
ancestral populations. All Galápagos native reptiles and terrestrial mammals, 84% of 50 
terrestrial land birds (Tye et al. 2002), and 37% (n = 19) sea- and waterbird species are 51 
endemic (Hailer et al. 2011). The lower endemism in birds likely relates to their high mobility 52 
over great distances and few apparent barriers to dispersal.  53 
About 500 American Flamingos (Phoenicopterus ruber) reside in Galápagos (Tindle 54 
and Tindle 1977; Jiménez-Uzcátegui and Naranjo 2010). This population is thought to have 55 
derived from the parental stock of the American Flamingo in the Caribbean region which 56 
ranges from the Bahamas and Yucatan to Venezuela (Rooth 1985; Baldassarre and Arengo 57 
2000; Espinoza et al. 2000) (Fig. 1). American Flamingos in the Caribbean are believed to 58 
comprise a single population, in view of extensive movements among the colonies (Childress 59 
et al. 2008). 60 
Two alternative hypotheses were examined in this study: 1) Putative divergence of the 61 
American Flamingo in Galápagos from that in the Caribbean is very low, indicating either late 62 
colonization or continuous exchange with the Caribbean population; and 2) the divergence  is 63 
high, the colonization old and the exchange between the Galápagos and Caribbean 64 
populations interrupted, justifying a recognition of the American Flamingo in Galápagos as a 65 
distinct subspecies or even species. Here we present comparative genetic (microsatellite and 66 
mitochondrial DNA genotyping) and phenotypic (skeletal measurement and egg size) data to 67 
address the hypotheses. We align genetic findings using a cladistic approach with the Greater 68 
Flamingo (P. roseus) and the Chilean Flamingo (P. chilensis). 69 
  70 
METHODS  71 
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 72 
Study area 73 
 74 
  The Galápagos archipelago (1° 40' N - 1° 36' S, 89° 16' - 92° 01' W) is located in the 75 
Pacific Ocean, about 1,000 km west of the nearest continental landmass (Ecuador) and about 76 
1,500 km south-west of Panama.  77 
 78 
Feather sampling and DNA purification  79 
 80 
Feathers were collected from American Flamingo chicks in the Caribbean from the 81 
Río Máximo colony (Cuba) in 2009 (n = 20); all birds were released after sampling. In 82 
Galápagos, molted feathers of American Flamingos were collected from the ground (n = 20) 83 
in 2008. All samples were stored in 95% ethanol until processed in the laboratory. Greater 84 
Flamingo and Chilean Flamingos feathers were obtained from zoological gardens. Total DNA 85 
was isolated from feather shafts, using a standard proteinase K digestion and 86 
phenol/chloroform protocol as described (Sambrook et al. 1989). DNA was diluted in 50 µl of 87 
sterile water and the quality and amount of DNA were estimated by electrophoresis (1% 88 
agarose). All samples employed yielded high molecular weight DNA with more than 50 ng/µl. 89 
 90 
Amplification of the Cytochrome b Gene and DNA sequencing  91 
 92 
Cytochrome b sequences were obtained from the American Flamingo in the Caribbean 93 
(n = 5) and in Galápagos (n = 4), the Greater Flamingo (n = 7), and the Chilean Flamingo (n 94 
= 2) using universal primers (L14764: TGRTACAAAAAAATAGGMCCMGAAGG and H16064: 95 
CTTCAGTTTTTGGTTTACAAGAC; Sorenson et al. 1999). Polymerase chain reaction (PCR) 96 
5 
 
amplifications were performed in 50 µl reaction volumes containing 1.5 mM MgCl2, 10 mM 97 
Tris (pH 8.5), 50 mM KCl, 100 µM dNTPs, one unit of Taq DNA polymerase (Pharmacia 98 
Biotech, Munich, Germany), 100 ng DNA and 5 pmol of each primer. The PCR program 99 
consisted of three steps: 1) an initial denaturation at 94 °C for 5 min; 2) 36 cycles including 100 
denaturation at 94 °C for 1 min, annealing at 50 °C for 1 min and extension at 72 °C for 1 min 101 
followed by; 3) a final extension period at 72 °C for 10 min. PCR products were precipitated 102 
with 4M ammonium acetate and ethanol (1:1/10, v:v) followed by centrifugation for 15 min 103 
(13,000 rpm). The pellet was washed with 70% ethanol and centrifuged for 5 min (13,000 104 
rpm), then dried and diluted in water. The quality and expected size of the PCR product was 105 
checked by 1% agarose gel electrophoresis. 106 
Sequencing was carried out using the DYEnamic ET Terminator Cycle Sequencing 107 
Kit (Pharmacia Biotech, Munich, Germany) and a sequencing protocol as follows: 28 cycles 108 
of 20 sec at 95 °C, 15 sec at 50 °C and 60 sec at 60 °C. Sephadex G-50 columns (Amersham 109 
Biosciences, Freiburg, Germany) and MultiScreen filter plates (Millipore Corp., Darmstadt, 110 
Germany) were used for purification of PCR products. Sequences were analyzed by capillary 111 
electrophoresis using a MegaBace 1000 sequencer (Molecular Dynamics Inc., Hamburg, 112 
Germany). 113 
The aligned sequences were analyzed by MEGA5 (Tamura et al. 2011). Maximum 114 
likelihood (ML) was used to reconstruct the phylogeny under the following parameters: 115 
Substitution model (Hasegawa et al. 1985); rates among sites: gamma distributed with 116 
invariant sites (G+I) and two discrete gamma categories. Tree inference options: ML heuristic 117 
method: Nearest-Neighbor-Interchange (NNI). All codons were included. Phylogeny Test: 118 
bootstrap method with 1000 replications. The p-distance was used to estimate the divergence 119 
time among taxa (Nei and Kumar 2000). 120 
 121 
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Genotyping 122 
 123 
Five microsatellite loci were used to genotype the American Flamingo samples. Loci: 124 
PhoeniE37, PhoeniE104, and PhoeniE66 (Bauer 2007) and µ1 and µ2 (Kapil 2005) (Table 1). 125 
PCRs were performed in 20 µl of a reaction mix containing 1x complete buffer (2 mM 126 
MgCl2), 10 pM of each primer, 0.5 mM of each dNTP, except dATP (0.25 mM), and 0.25 mM 127 
of radiolabeled (33P-α)-dATP, one unit of Taq polymerase, and 50-150 ng of template DNA. 128 
The following PCR protocol was employed: 1) initial denaturing step, 4 min at 94 oC; 2) 35 129 
cycles of 35 sec of denaturing at 94 oC, 90 sec of annealing at the appropriate temperature 130 
(50-55 oC) and 2 min of extension at 72 oC; and 3) 10 min of extension at 72 oC. DNA 131 
fragments were separated by vertical PAGE (Polyacrylamide Gel Electrophoresis) for 2 hr at 132 
65 W using a Base Acer Sequencer (Stratagene, La Jolla, California). After drying, the 133 
denaturing gels were exposed for 24 hr to X-ray films. The autoradiograms were analyzed by 134 
eye and scored. 135 
 136 
Genetic Data Analysis  137 
 138 
Individual genotypes per each locus were computed. Rare alleles were checked twice 139 
and validated by at least two persons. Deviation of genetic equilibrium in each population was 140 
assessed by comparing differences among random FIS and the observed value, and gene 141 
diversity calculated using the software FSTAT (Goudet 2001). Ten thousand randomizations 142 
of the data were executed and the indicative adjusted nominal level for 95% confidence was 143 
corrected to α = 0.005, following Bonferroni correction (Cooper 1968). Genotypic linkage 144 
disequilibrium per locus was tested using the software GENEPOP (Rousset 2008). The 145 
following Markov chain parameters were used. Dememorization: 10,000, batches: 10,000, 146 
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iterations per batch: 1,000. 147 
 148 
Genetic Structure Analysis  149 
 150 
To demonstrate genetic distinctiveness between American Flamingos from the 151 
Caribbean and Galápagos populations we used the software Structure (Pritchard et al. 2000). 152 
The program assumes a model in which there are K populations (for which K may be 153 
unknown), each of which is characterized by a set of allele frequencies at each locus. 154 
Individuals in the sample were assigned probabilistically to populations, or jointly to two or 155 
more populations if their genotypes indicated that they were admixed. It is assumed that 156 
within populations the loci are in a Hardy-Weinberg and linkage equilibrium. Runs were 157 
performed using an admixture model, testing K from one to five, with twenty replicates for 158 
each value of K. All runs used a burn-in period of 1,000,000 and 100,000 iterations.  159 
The classic FST index (Slatkin 1991; Slatkin 1995), a measure of allele frequency 160 
differences among subpopulations, was estimated using Arlequin (Excoffier and Lischer 161 
2010). To test the significance of the comparison 1,000,000 steps in Markov chain and 162 
100,000 for dememorization were employed. Gene frequency and private alleles were 163 
computed using the software GenAlex (Peakall and Smouse 2006). 164 
 165 
Skeletal Metrics 166 
 167 
Skeletal measurements were compared between American Flamingos in Galápagos 168 
and the Caribbean using two data sets. The first comprised measurements of eight 169 
morphological traits reported on individual male and female American Flamingos (Ridgeway 170 
1896). Morphological response variables (= ‘traits’) (Table 2) were log-transformed prior to 171 
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analysis to improve normality. We analyzed these data using multivariate analysis of variance 172 
(MANOVA), in a two-factor design, with four groups (Galápagos male, Galápagos female, 173 
Caribbean male, Caribbean female) as fixed, crossed factors. We verified multivariate 174 
normality of the residuals with several tests (Mardia 1974; Henze and Zirkler 1990; Everitt 175 
2005; Szekely and Rizzo 2005). Following MANOVA, we performed univariate ANOVA 176 
analyses on each trait. The ANOVA results were upheld for each trait by homogeneity of 177 
variance and Schapiro-Wilk normality.   178 
We derived metrics for ‘body size’ and ‘body shape’ by performing principal 179 
components analysis (PCA) (Everitt 2005). We interrogated the comparative morphometrics 180 
model using a linear discriminant function analysis for the four groups (Venables and Ripley 181 
2002). All analyses were performed using R (R Core Team 2013).  182 
The second data set comprised mean skeletal measurements of five morphological 183 
traits from male and female American Flamingos from Galápagos (Gifford 1913; Table 2). We 184 
compared these measurements with the measurements of male and female American 185 
Flamingos from the Caribbean (Ridgway 1896; Table 2) by one sample t-test (two-tailed). 186 
 187 
Egg Metrics 188 
 189 
The length and greatest width of American Flamingo eggs (n = 58), collected from 190 
three of four islands in Galápagos where nesting has occurred, were measured using callipers, 191 
and these measurements were combined with historical measurements of individual American 192 
Flamingo eggs from Galápagos in the literature (Gifford 1913 (n = 10); Lévêque 1964 (n = 193 
4)). The Galápagos egg measurements were compared with measurements reported for 194 
individual American Flamingo eggs from the Caribbean (Rooth 1965) by t-test (two-tailed). 195 
Length and maximum width were compared by linear regression. Comparison was also made 196 
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with mean linear measurements of further American Flamingo eggs from the Caribbean 197 
described in the literature by one sample t-test (two tailed) (Table 3). Mean egg volumes (V) 198 
were calculated as V = 0.51 x L x B2, where L = length, B = maximum width (Hoyt 1979). 199 
Comparison was made between mean volumes of American Flamingo eggs from Galápagos 200 
and the Caribbean by one sample t-test (two-tailed). 201 
 202 
RESULTS  203 
 204 
Sequence Analysis 205 
 206 
Among 16 P. ruber and P. roseus samples 13 cytochrome b haplotypes were detected. 207 
Among 25 polymorphic sites, 13 are singletons and the rest are parsimony informative 208 
positions (Table 4). American Flamingos in Galápagos can be distinguished from those in the 209 
Caribbean by a small number of nucleotide exchanges (Table 4). The genetic distance 210 
between them oscillates around 0.16-0.7%, indicating an isolation of the American Flamingo 211 
population in Galápagos from that in the Caribbean for 70,000 to 350,000 years. 212 
 The maximum likelihood (ML) phylogenetic tree (Fig. 2) was reconstructed using 725 213 
nucleotides of cytochrome b, including all taxa of the genus Phoenicopterus. It shows that the 214 
American Flamingo in the Caribbean and the Greater Flamingo in Europe are sister species 215 
which cluster in distinct clades. They differ by a genetic distance between 1.4 and 2.2%. This 216 
indicates a separation of New and Old World flamingos about 700,000 to 1,100,000 years ago, 217 
assuming that 2% distance between a pair of lineage equals one million years (Avise and 218 
Walker 1998). The diversification of the genus is supposed to have started around 1.76 million 219 
years ago. 220 
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 221 
Microsatellite Analysis 222 
 223 
The microsatellite data matrix was constructed for 40 individuals and five loci. All loci 224 
in each population are in a genetic equilibrium; overall FIS values (Caribbean population, 225 
0.021, P = 0.122; Galápagos population, 0.155; P = 0.121) are close to zero and the 226 
proportion of randomizations that gave a larger FIS than the observed are higher than the 227 
indicative adjusted nominal level (5%, α = 0.005, based on 10,000 randomizations) following 228 
Bonferroni correction (Cooper 1968). The loci are not linked in the chromosome; the 229 
probability (Caribbean population, 0.406; Galápagos population, 0.076) of finding a particular 230 
haplotype at two loci is not significantly different than expected under genetic equilibrium (P 231 
> 0.050). The average gene diversity over loci (He) is higher in the Caribbean (0.70 ± 0.081) 232 
than in Galápagos (0.30 ± 0.289) evidencing the isolation effect in Galápagos. All loci are 233 
polymorphic and useful to characterize the population structure of American Flamingos from 234 
the Caribbean and Galápagos.  235 
Overall 28 alleles were found, of which 60.7% are private alleles; 15 in American 236 
Flamingos in the Caribbean and two in American Flamingos in Galápagos. The frequencies of 237 
seven of them are higher than 0.15. The probability of finding no differences among 238 
calculated FST (assuming panmixia) and its observed value is zero, supporting the findings 239 
from  mitochondrial DNA that American Flamingos from the Caribbean and Galápagos 240 
represent separate populations (FST = 0.24, P < 0.001, α = 0.050) which are no longer 241 
connected by gene flow.  242 
In a posteriori clustering of individual American Flamingos from the Caribbean and 243 
Galápagos, the mean membership value of flamingos from the Caribbean to ‘cluster I’ is 0.91 244 
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(values between 0.666 and 0.984) and from Galápagos to the ‘cluster II’ is 0.95 (values 245 
between 0.787 and 0.982). Thus, without assuming an origin of the samples, a clear 246 
differentiation between American Flamingos in the Caribbean and Galápagos is apparent. 247 
 248 
Skeletal Metrics  249 
 250 
MANOVA analysis of combined measurements on limb, tail and bill traits of male and 251 
female American Flamingos (Ridgway 1896; Table 2) indicated significant differences 252 
associated with ‘population’ (Galápagos vs. Caribbean) (Pillai statistic df1,8  = 0.789, P < 253 
0.001) and ‘sex’ (male vs. female) (Pillai statistic df1,8 = 0.925, P < 0.001). Using 2-way 254 
ANOVA for each variable there were significant ‘population’ differences for all variables 255 
(F1,27-32 ,  P < 0.030) with the exception of ‘wing length’ (F1,32  = 0.162,  P = 0.162) and ‘bill 256 
depth’ (F1,28  = 1.63,  P = 0.212), and ‘sex’ differences for all morphological variables (F1,27-32,  257 
P < 0.001). In PCA analysis, two principle components (PC1 and PC2), explained 74.0% and 258 
8.4% of morphological variance respectively. There was a significant difference in ‘body size’ 259 
(PC1) by ‘sex’ between Galápagos and Caribbean populations (F1,23 = 11.013, P < 0.003). 260 
There was no difference in the degree of sexual dimorphism in ‘body size’ between 261 
populations (F1,23 = 1.341, P = 0.259). However, there was a significant difference in the 262 
degree of sexual dimorphism in ‘body shape’ (PC2) between populations (F1,23 = 11.013, P = 263 
0.003) (Fig. 3). Interrogating the PCA outcome with metrics from individual American 264 
Flamingos blinded for ‘population’ and ‘sex’ demonstrated 96% compliance with the model of 265 
‘body size’ and ‘body shape’ distinction between ‘population’ and ‘sex’ (Table 5). 266 
A comparison of skeletal measurements on American Flamingos from the Caribbean 267 
with American Flamingos from Galápagos (Gifford 1913; Table 2) was in accord with the 268 
above findings. Males from the Caribbean had a significantly longer tarsus (t6 = 4.57, P = 269 
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0.004), tail (t6 = 6.52, P = 0.006) and broader culmen (t6 = 3.93, P = 0.003) than males from 270 
Galápagos (Table 2). Females from the Caribbean had a significantly longer tarsus (t8 = 2.44, 271 
P = 0.040). 272 
The difference in tarsus length is particularly marked. In the two independent sets of 273 
Galápagos measurements (Ridgway 1896; Gifford 1913; Table 2), the tarsus is appreciably 274 
shorter in American Flamingos from Galápagos than American Flamingos from the Caribbean 275 
in both males (10.1% shorter (Ridgway 1896); 12.8% shorter (Gifford 1913)) and females 276 
(6.2% shorter (Ridgway 1896); 7.2% shorter (Gifford 1913)).  277 
 278 
Egg Metrics 279 
 280 
American Flamingo eggs from Galápagos were significantly shorter (t94 = 5.100, P < 281 
0.001) and narrower (t94 = 7.99, P < 0.001) than those from the Caribbean (Fig. 4). (Note that 282 
by linear regression length and width were not significantly correlated). Comparison with 283 
mean dimensions of other American Flamingo eggs from the Caribbean (Table 3) further 284 
indicated that American Flamingo eggs from Galápagos were significantly shorter (t6 = 2.86, 285 
P = 0.029 ) and narrower (t6 = 7.99, P < 0.001). American Flamingo eggs from Galápagos 286 
were of significantly lower volume than the overall volume of those from the Caribbean (t7 = 287 
9.27, P < 0.001) (Table 3). Because of the variation in volumes of American Flamingo eggs 288 
from the Caribbean, we also compared the volumes of American Flamingo eggs from 289 
Galápagos and the Caribbean using three Caribbean data sets with the lowest volumes (Allen 290 
1956; Voous 1957; Fox 1975) (Table 3). The volume of American Flamingo eggs from 291 
Galápagos was significantly less (t2 = 9.24, P = 0.012).  292 
 293 
 DISCUSSION    294 
13 
 
 295 
A tenet of evolutionary biology is that isolated populations undergo gradual 296 
differentiation and acquisition of genetical, morphological, physiological and behavioral 297 
changes that eventually generate new species (Dobzhansky 1937; Nei 2013). Here we provide 298 
genetic and phenotypic evidence indicating that current populations of the American 299 
Flamingo in the Caribbean and in Galápagos represent divergent lineages. Both microsatellite 300 
and mitochondrial DNA sequence data show that the American Flamingo population in 301 
Galápagos clearly differs genetically from its supposed parental stock in the Caribbean. In 302 
addition, the American Flamingo in Galápagos has a smaller body size, lays smaller eggs, and 303 
is less sexually dimorphic in body shape than the American Flamingo from the Caribbean. 304 
 Divergence of the American Flamingo in Galápagos has likely arisen from isolation by 305 
distance. Assuming a molecular clock of 2% divergence in one million years, the genetic 306 
distance indicates that the Galápagos lineage split from the American Flamingo in the 307 
Caribbean not later than 70,000 years ago. However, an on-going genetic drift in small 308 
populations can increase the genetic divergence in the earliest generations after colonization 309 
in a non-linear fashion leading thus to an overestimating of the divergence time (Nei 2013). 310 
The genetic differentiation can also be detected in nuclear markers. The 311 
heterozygocity in the American Flamingo from Caribbean is more than twice that of the 312 
population in Galápagos which  is further evidence for the genetic isolation of the American 313 
Flamingo in Galápagos. The two populations share only 39.3% (n = 28) of the microsatellite 314 
alleles. The remaining alleles are exclusive for one population only and the frequency of 315 
seven of these is higher than 15%, indicating a clear differentiation between the two 316 
populations. These results provide a further approach to understand the population genetic 317 
structure of the American Flamingo, and underscore the vulnerability of the isolated 318 
population in Galápagos.  319 
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Note that while we have genetic information on the American Flamingo from Cuba, 320 
we have none from the Venezuelan/Colombian colonies (currently the nearest to Galápagos), 321 
or elsewhere in the Caribbean. It is possible that genetic data from these latter colonies might 322 
change the above timing of the transoceanic colonization of Galápagos. However, the 323 
documented movements of the American Flamingo among Caribbean colonies (e.g., between 324 
Río Lagartos in Mexico and Río Máximo in Cuba) (Childress et al. 2008) are likely to have 325 
generated a pan-Caribbean genetic homogeneity.  326 
 Phoenicopterus spp. are generally regarded as non-migratory and dispersive (Nager et 327 
al. 1996; Balkiz et al. 2010). Studies of the Greater Flamingo have shown no significant 328 
genetic structure over large areas (Geraci et al. 2012). The genetic homogeneity of allelic 329 
frequencies for the Greater Flamingo across the entire Mediterranean for both mitochondrial 330 
and microsatellite markers indicates extensive gene flow between breeding sites, 331 
demonstrating that all Greater Flamingo colonies in the Mediterranean make up a single 332 
panmictic population (Geraci et al. 2012). Lack of differentiation was similarly observed 333 
using the mitochondrial NADH dehydrogenase subunit two gene in Lesser Flamingos (P. 334 
minor) from eastern (Lake Bogoria, Kenya) and southern Africa (Makgadikgadi pans, 335 
Botswana). These sites are separated by 2,600 km, and the finding is consistent with the 336 
suspected movement of breeding Lesser Flamingos from Kenya to Makgadikgadi (Simmons 337 
et al. 2000; Zaccara et al. 2008).   338 
The genetic and morphological differentiation reported here between American 339 
Flamingos from the Caribbean and the Galápagos Islands suggests a substantial degree of 340 
isolation in Galápagos since recurrent arrival of immigrants would be expected to have 341 
counteracted a founder effect, allopatry and putative local adaptation. While the Greater 342 
Flamingo is found on a number of islands separated from continental land masses by open 343 
water (Jiménez et al. 2000; Johnson and Cézilly 2007) there are no reports of genetic 344 
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differentiation between mainland and island populations. Isolation and genetic differentiation 345 
likely relate to distance, and the American Flamingo in Galápagos is the most distant island 346 
population from an ancestral stock (~ 2,000 km) of all Phoenicopterus spp.. 347 
Once having established in Galápagos, a migration of the American Flamingo away 348 
from the archipelago back to the continent might not be successful because of prevailing 349 
south-easterly winds, the small population size, possible mortality along the way, and strong 350 
competition in the continental colonies (Nager et al. 1996). Isolation would also be reinforced 351 
by acquisition of sedentary behavior after arrival in the archipelago, a feature of small founder 352 
populations which, like the American Flamingo, show deferred sexual maturity (Pradel et al. 353 
1997; Ferrer et al. 2011). 354 
Divergence of the American Flamingo in Galápagos is not an exception among widely 355 
ranging birds. A number of recent studies have demonstrated that even in highly vagile and 356 
far-ranging seabird species, a phylogenetic structure resulting from reduced gene flow can 357 
occur resulting in evolutionarily distinctive local units (Dearborn et al. 2003; Friesen et al. 358 
2007; Hailer et al. 2011; Levin and Parker 2012). In Galápagos, the Magnificent Frigatebird 359 
(Fregata magnificens) shows genetic and morphological differentiation into a local 360 
population, although there is little or no genetic structure among continental populations 361 
(Hailer et al. 2011). Similarly, Nazca Booby (Sula granti) populations are substantially 362 
genetically differentiated within Galápagos (Levin and Parker 2012). The archipelago has the 363 
highest incidence of seabird endemism of any island group in the world (Snow and Nelson 364 
1984; Pitman and Jehl 1998). In addition, opportunities for genetic mixing would presumably 365 
be much less in the American Flamingo than in Galápagos seabirds, since they do not roam 366 
the seas to forage, suggesting colonizing opportunities would be less.   367 
In conclusion, the data support a hypothesis of early colonization, and interruption of 368 
exchange between the Caribbean and Galápagos American Flamingo populations. The genetic 369 
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and morphological differentiation of the American Flamingo population in Galápagos marks it 370 
as an evolutionary significant unit worthy of appropriate conservation and management. The 371 
American Flamingo in Galápagos would lose some of its genetic potential if the islands’ 372 
population were lost or reduced. A recognition of this taxon as a distinct subspecies appears to 373 
be warranted with regard to its genetic and morphological differences. The systematics of the 374 
genus Phoenicopterus, including P. ruber in Galápagos (Gray 1869; Ridgway 1896), are not 375 
entirely resolved. Our findings will inform forthcoming deliberations aimed at establishing a 376 
modern phylogeny and taxonomy for all Phoenicopterus spp. 377 
 378 
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 553 
Table 1. Microsatellite loci used to genotype American Flamingos (F, forward; R, 554 
reverse). 555 
LLocus	name Repetition unit Primers Tm* 
(0C) 
PhoeniE37 (GAATA)11 F: GCTTGCCACAAGGATAGG 
R: AGCCCTGAATTGGTCAGG 
55 
 
PhoeniE104 (GAAA)6G(GAAG)3GGAGA(GAAA)3 F: ACTTACTGTTCCAAGGTG 
R: CAACACTAATAACTTGTG 
51 
 
PhoeniE66 
 
(GATA)5(GACA)4GGCAGACA(GATA)2 F:GATGTGATTATAACAAATAGC 
R: GACTTTACAAGCTCTCCGG 
54 
 
µ1 (GCA) 10 -20 F: TGTGGCAGCTTAAGACGTGA 
R: AGTCCCGAGTCAGCTGGTTT 
60 
µ2 ( GCA) 8 -19 F: CAGCTCAGCAAACAAGT 
R:CAGGGAGGAGTGTGCAACAT 
52 
60 
*Melting temperature. 556 
  557 
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 558 
Table 2. Morphological traits (mm) of adult male and female American Flamingos from 559 
Galápagos and the Caribbean (Ridgway 1896; Gifford 1913). The Ridgway 560 
measurements are converted from inches (mean ± SE). (-, no data). 561 
 Male Female 
  
Trait           
Galápagos 
(Ridgway) 
(n = 11) 
Galápagos 
(Gifford) 
(n = 20) 
Caribbean 
(Ridgway) 
(n = 7)  
  Galápagos 
(Ridgway) 
 (n = 9) 
Galápagos 
(Gifford) 
(n = 23) 
Caribbean 
(Ridgway) 
 (n =9) 
        
Tarsus 304±3.8 295 337±9.4  261±2.8 258 278±8.2
Tibia 209±4.1   - 228±8.0  173±4.1   -  189±6.9 
Middle toe 76±1.0 86 81±1.5  71±0.8 78 67±4.1 
Wing 408±2.0 413 416±4.6  378±3.3 384 379±2.5 
Tail  140±2.0 139 154±2.3  132±2.3 132 135±4.5 
Culmen 123±1.3 125 130±1.3  116±1.5 120 119±1.0 
Bill depth  40±0.2   - 42±0.8  37±0.2   - 37±0.2 
Bill, greatest width 28±0.2   - 27±0.8  27±0.2   - 24±0.1 
 562 
  563 
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 564 
Table 3.  Dimensions and volumes of American Flamingo eggs from Galápagos and the 565 
Caribbean (various locations). 1Captivity. 2Mean ± SE. 566 
  Egg Measurement 
Location  Length 
(mm) 
Max. width 
(mm) 
Volume 
(cm3) 
n Reference 
Galápagos 88.1±0.52 
  
51.5±0.22 
 
119.4 72 This study 
      
Caribbean  92.9 52.2 144.6 24 (Rooth 1965) 
 91.3  55.4 142.9 41 (Bent 1926) 
 87.4  54.2 130.9 20 (Voous 1957) 
 88.9  54.8 136.2 18 (Allen 1956) 
 90.5 54.0 134.6  11 (Fox 1975). 
 92.6 56.5 150.8  71 (Kyoto in Kear and Duplaix-Hall 1975)
 95.7  54.7 146.0  31 (Kear and Duplaix-Hall 1975) 
 90.5  55.0 139.6 60 (Schönwetter 1960)
 567 
 568 
 569 
 570 
 571 
 572 
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 573 
Table 4. Nucleotide substitutions in polymorphic sites in the cytochrome-b gene among 574 
Greater Flamingos (Phoenicopterus  roseus, n = 7) and American Flamingos from the 575 
Caribbean (P. ruber Carib, n = 5) and Galápagos (P. ruber Gal, n = 4). Variable positions 576 
in the cytochrome-b gene of American Flamingos from Galápagos are highlighted in 577 
bold. A, adenine; T, thymine; C, cytosine; G, guanine. •, Identical nucleotide; ?, no 578 
information; 1Individual flamingo identification number. 579 
Taxon  (n = 16) Polymorphic sites 
P. roseus _154911 T T T T A A C C T G G C C C A A C T C A C C C C T
P. roseus_9211 . . . . . . . . . . . . . . . . . . T C . . . . . 
P. roseus_9212 . . . . . . . . . . . . . . . . . . . . . . . . . 
P. roseus_15492 . . . C . . . . . . . . . . . . . . . . . . . . . 
P. roseus_15493 . . . . . . . . . . . . . . . . . . . . . . . . . 
P. roseus_15494 . . . . . . . . . . . . T . . . . . . . . . . . . 
P. roseus_15495 . . . . C G T . . . . . . . . . . . . . . . . . . 
P. ruber Carib_64790 . . C C . . . . C A A T . T . . T C . . T . . . . 
P. ruber Carib_64792 . . C C . . . . C A A T . T . . T C . . T . . . . 
P. ruber Carib_64793 A . C C . . . . C A A T . T . . T C . . T . . . . 
P. ruber Carib_64794 ? . C C . . . . C A A T . T . . T C . . T . . . . 
P. ruber Carib_64795 ? C C C . . . . C A A T . T . . T C . . T . . . . 
P. ruber Gal_51600 . . C C . . . A C A A T . T G G T C . . T G . . . 
P. ruber Gal_51603 . . C C . . . A C A A T . T . G T C . . T . . . . 
P. ruber Gal_51640 . . C C . . . . C A A T . T . G T C . . T . T A C
P. ruber Gal_51650 . . C C . . . . C A A T . T . G T C . . T . . . . 
 580 
	581 
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 582 
Table 5. Discriminant function analysis  interrogation of the ‘body size’ and ‘body shape’ 583 
model of the distinction between American Flamingos by ‘sex’ and ‘population’ (= 584 
Actual), with metrics of American Flamingos (n = 27) blinded to ‘sex’ and ‘population’ 585 
(= Predicted).  586 
 Predicted 
 Caribbean  
female 
Caribbean 
male 
Galápagos 
female 
Galápagos 
male 
Actual     
Caribbean female 3 0 1 0 
Caribbean male 0 5 0 0 
Galápagos female  0 0 8 0 
Galápagos male 0 0 0 10 
 587 
 588 
 589 
 590 
 591 
 592 
 593 
 594 
 595 
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FIGURE CAPTIONS 596 
Figure 1. Distribution of the American Flamingo in the Caribbean region and 597 
Galápagos. (Major breeding site, 30,000-200,000 flamingos; minor breeding site, 400-598 
8,000 flamingos). 599 
Figure 2. Maximum likelihood phylogenetic reconstruction using the cytochrome b gene 600 
showing a distinction between P. ruber and P. roseus and between Caribbean and 601 
Galápagos populations of P. ruber. P. chilensis was used as an external group. 602 
Figure 3. Segregation of American Flamingos by ‘population’ and ‘sex’: Biplot output 603 
(50% confidence level) of principal component analysis for the first two components; 604 
PC1, ‘body size’ and PC2, ‘body shape’. CM, Caribbean males; CF, Caribbean females; 605 
GM, Galápagos males; GF, Galápagos females.  606 
Figure 4. Length and maximum width of American Flamingo eggs from Galápagos and 607 
the Caribbean. r2, linear regression coefficient. 608 
 609 
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